Deep intrarenal venous pressure was used as an index of renal capillary pressure to test the proposal that physically induced changes in sodium reabsorption may be mediated by changes in Starling forces across the capillary. Renal vasodilatation produced natriuresis associated with immediate increases in intrarenal venous pressure. Increased arterial pressure was accompanied by further natriuresis and initially increased intrarenal pressure in vasodilated kidneys. Plasma load was always accompanied by increased intrarenal venous pressure. Saline loading usually increased intrarenal venous pressure, and restoration of plasma protein concentration during saline loading reduced, but did not abolish, natriuresis. This continued natriuresis was associated with reduced renal vascular resistance and increased intrarenal venous pressure, demonstrating that continued natriuresis after restoring plasma oncotic pressure during saline loading could relate to increased capillary hydrostatic pressure. Intrarenal venous pressure did not relate to isolated changes in urine flow, arterial pressure, or renal blood flow. These observations support the hypothesis that changes in peritubular capillary hydrostatic pressure initiate changes in tubular sodium reabsorption as a result of changes in capillary uptake.
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• A series of studies from this laboratory has led to the suggestion that tubular reabsorption of sodium may change as a result of changes in the uptake of reabsorbate by the capillary circulation (1) (2) (3) (4) . Renal vasodilatation suppresses sodium reabsorption (1, 2) , as does increased arterial pressure in the presence of renal vasodilatation (2, 3) . It was suggested that these effects on sodium reabsorption may result from decreased capil-lary uptake of reabsorbate due to increased capillary hydrostatic pressure (2) . This view is supported by the observation that increased plasma oncotic pressure, which should increase the net uptake of reabsorbate by the capillary circulation, increases overall tubular sodium reabsorption (3, 4) . Because these factors are those which alter capillary uptake through Starling forces, we have suggested that tubular sodium reabsorption changes in a direct relationship with, and as a result of, changes in capillary uptake (3, 4) . If this concept is correct, decreased reabsorption and increased excretion of sodium during renal vasodilatation, or during increased arterial pressure in the presence of renal vasodilatation, would result from a primary increase in renal capillary hydrostatic pressure. Also, to the extent that these physical factors are mediators of natriuresis during volume expansion (4), infusion of plasma which would not lower oncotic pressure
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should be associated with primary increases in renal capillary hydrostatic pressure. On the other hand, saline infusion could depress capillary uptake and tubular reabsorption as a result of decreased plasma oncotic pressure without primary increases in capillary hydrostatic pressure (4) . The present studies were designed to examine the relationship between intrarenal hydrostatic pressure and hemodynamic factors which have been demonstrated previously to affect sodium reabsorption and excretion. Measurements of deep intrarenal venous pressure were used as an index of qualitative changes in renal capillary hydrostatic pressure. Deep intrarenal venous pressure increased during vasodilatation and during infusion of angiotensin in the presence of renal vasodilatation, but not during infusion of angiotensin in the absence of vasodilatation. Intrarenal venous pressure was usually increased during saline infusion and was always increased during infusions of plasma. Changes in intrarenal venous pressure did not relate to isolated changes in arterial pressure, renal blood flow, or urine volume alone. These observations strengthen the view that hemodynamically induced decreases in sodium reabsorption could result from primary increases in intrarenal capillary hydrostatic pressure.
Methods
The experiments were carried out in 30 mongrel dogs of either sex anesthetized with pentobarbital and ventilated automatically through an endotracheal tube connected to a room air respirator. Before the surgical procedures, a maintenance infusion of isotonic saline was begun at 0.3 to 0.4 ml/min to deliver inulin and p-aminohippurate at rates permitting clearance measurements, and vasopressin and desoxycorticosterone at 1 mU and 25 fig/min, respectively. Ureters and renal veins were cannulated, and needles were placed for infusion into renal arteries by previously described techniques (2) . In six experiments an adjustable clamp was placed across the aorta, either above both renal arteries or between the level of the right and left renal arteries, to permit reversible reduction of perfusion pressure to the left kidney. In addition, polyvinyl catheters (0.41 mm o.d.) were inserted retrograde through the renal vein into the substance of the kidney. These catheters were advanced gently until resistance was felt, and then withdrawn slightly. No attempt was made to wedge the catheters tightly after experience had demonstrated that wedged catheters often became occluded and yielded poor pressure tracings. Positioning of the catheters within the renal substance could be verified by observing a pressure increase in response to light pressure of a finger over a localized area on the surface of the kidney. After placement, an infusion of isotonic saline was begun through the catheter at 0.1 ml/min. This infusion was continued intermittently throughout the experiments except during the actual pressure measurements. At the conclusion of 12 experiments, the renal pedicle was clamped and the kidney with the catheter in place was frozen. Subsequently, the position of the catheter in these kidneys was determined radiologically, and in all instances the pressure recording catheters were beyond the level of the renal papilla, usually Circulation Research, Vol. XXlll, September 1968 at the level of the corticomedullary junction, as demonstrated in Figure 1 . Polyethylene catheters were inserted into the abdominal aorta (below the renal arteries) and vena cava through the femoral vessels for recording aortic and vena caval pressures. In experiments employing reduction of perfusion pressure to the left kidney, a catheter was placed also into the thoracic aorta through a carotid artery for recording pressure above the level of the aortic clamp. Sixty to 120 minutes after completing the surgical procedures, two to five control collections were taken for 15 to 60 minutes. Arterial, intrarenal venous, and vena caval pressures were measured either continuously or near the midpoint of clearance periods by Sanborn 1 pressure transducers and recorder. Arterial and renal venous blood samples were collected at the midpoint of each control clearance period or during alternate collection periods of shorter duration. After control measurements the experiments were continued according to one of the following protocols.
Vasodilatation.~\n 12 experiments acetylcholine bromide was infused into one renal artery at 40 fj,gfmm. This involved changing the arterial infusion of isotonic saline (0.5 ml/min) to one containing the acetylcholine. Measurements of pressures and urine flow were made continuously after initiating the arterial infusion of acetylcholine, but clearance measurements were usually begun 10 minutes later, when urine flow had become stable at an increased level. At this time, three to five collections were taken during the phase of vasodilatation, and then the experiment was either discontinued or continued as described below.
Infusion of Angiotensin.-Aher observations during the phase of vasodilatation alone, angiotensin was infused intravenously at 2.5 to 5 (ig/ min in six of the above experiments while the unilateral infusion of acetylcholine was continued. Pressures were recorded continuously as the infusion of angiotensin was begun, but clearance measurements were delayed 10 to 20 minutes when arterial pressure and urine flow had become relatively stable. Again, three to five clearance studies were then made, and the experiment was discontinued.
Volume Expansion.-In 17 experiments, after control collections the blood volume was expanded by infusing either isotonic Ringer's solution (composition in mEq/liter: Na, 142; K, 3.5; Cl, 125.5; and HCO S , 20) or 5 g/100 ml bovine albumin in isotonic Ringer's solution ("plasma") at 30 ml/min. When a total of 600 ml of the saline or "plasma" had been infused, the infusions were slowed to 8 or 10 ml/min. Twenty to 60 minutes later, clearance collections and measurements of pressures were begun again. In six of the experiments, the aorta was constricted in order to reduce perfusion pressure and glomerular filtration to one or both kidneys during the loading procedure. In five experiments the aorta was constricted after collections following the volume-loading procedure; in one experiment employing "plasma" infusion, the aorta was constricted as the loading procedure was begun, and subsequently the constriction was released.
Diuretic Blockade of Sodium Reabsorption.-In four of the above experiments not involving volume expansion and after infusion of drugs had been discontinued, additional pressure measurements and clearance collections were taken. The animals then received an intravenous injection of either 250 mg of chlorothiazide (two experiments) or 250 mg of chlorothiazide and 50 mg of ethacrynic acid (two experiments). When urine flow had increased and become stable after infusing the diuretics, additional clearance collections and pressure measurements were taken.
Analytical procedures were as previously described for this laboratory (1) . Renal plasma flow (RPF) was calculated from the extraction ratio for p-aminohippurate (E P A H ), as C PAH /E PAH ; or by the formula of Wolf (5) 
Hewlett-Packard Company, Waltham, Massachusetts.
Circulation Research, Vol. XXlll, September 1968 where V = urine flow, U = the urinary and A = the arterial and R the renal venous concentration of PAH. Renal blood flow (RBF) was calculated as R P F / ( 1 -0 . 9 5 Her.) Renal vascular resistance was calculated in peripheral resistance units (mm Hg/ml/min) as AP-IRVP/RBF where AP = arterial and IRVP = intrarenal venous pressure.
Results
Prior to any of the experimental maneuvers, the deep intrarenal venous pressure in 44 kidneys of 30 hydropenic dogs averaged 17 ± 7 (SD) mm Hg (range 7 to 40 mm Hg), and was stable during multiple collection periods in each experiment. During these control observations, glomerular filtration averaged 35 ± 10 ml/min, renal blood flow averaged 188 ± 57 ml/min, and renal vascular resistance averaged 0.55 mm Hg/ml/min. Sodium excretion averaged 79 ±63 /xEq/min. In five of these experiments, renal perfusion pressure to the left kidney was decreased 20 to 39 mm Hg by constricting the aorta between the renal arteries. During this reduction of perfusion pressure, left intrarenal venous pressure remained nearly constant in each experiment, and the largest change observed was a fall of 2 mm Hg. These measurements during aortic constriction in one experiment are shown in Figure 2 ,
Vasodilatation.-In 12 of the above experiments, acetylcholine bromide, 40 /Ag/min, was infused into one renal artery. Intrarenal venous pressure of the experimental kidney increased within seconds after beginning the arterial infusion of acetylcholine, and there was a simultaneous increase in urine flow from the vasodilated kidney. Intrarenal venous pressure and urine flow in the control kidneys were either unchanged or slightly decreased. Natriuresis and increased intrarenal venous pressure in vasodilated kidneys were sustained throughout the period of observation.
The mean increase in pressure during collection periods after vasodilatation was 15 ± 7 (SD) mm Hg. Sodium excretion increased an average of 240 yu,Eq/min in association with an average increase in glomerular filtration rate of 5 ml/min. Renal vascular resistance decreased from a mean of 0.63 ± 0.26 to 0.30 ±0.13 mm Hg/ml/min. These effects of vasodilatation are summarized in Table 1 . Details of the effects of vasodilatation on intrarenal pressures and the associated changes in glomerular filtration, renal blood flow and sodium excretion for one of these experiments are shown in Figure 3 .
Vasodilatation Folhived by Infusion of Angiotensin.-Aftev observing the effects of vasodilatation alone, in six of the above experiments, angiotensin was infused intravenously at 2. Figure 2 . Values are the means of multiple consecutive collections during each phase of the experiment. Vasodilatation was accomplished by infusing acetylcholine, 40,ixg/min, into the renal artery of the experimental kidney. Angiotensin indicates measurements during the intravenous infusion of angiotensin, 2.5 to 5.0 jug/min, during continued renal vasodilatation. Transition periods between phases of experiments are not included. Abbreviations are as follows: GFR = glomerular filtration rate (clearance of inulin); RBF = renal blood flow (see Methods); RVR = renal vascular resistance; U Nn V = rate of sodium excretion; IRVP = deep intrarenal venous pressure; E = experimental kidney; C = control kidney.
Effects of unilateral renal •oasodilatation on renal hemodynamics, sodium, excretion and intratenal pressure. At the arrow, an infusion of acetylcholine, 40 ng/min, was begun into the left renal artery. The right-hand portions of the recordings were made 15 to 20 minutes after beginning the infusion. Clearance measurements shown below are the means of three consecutive collection periods from the left kidney during each phase of the experiment. Paper speed is the same as in
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*No measurements made. fUrine flow too low for meaningful clearance measurements. the infusion of angiotensin, intrarenal venous pressure in the vasodilated kidneys remained above the levels of vasodilatation alone in three of the six experiments. In control kidneys during the infusion of angiotensin, sodium excretion was unchanged or decreased and intrarenal venous pressure was distinctly lower than in the vasodilated kidney. These results are summarized in Table 1 .
Infusion of Plasma.-After control measurements, in nine experiments, bovine albumin in isotonic Ringer's solution, 5 g/100 ml, was infused at 30 ml/min for 20 minutes and then Values are the means of multiple consecutive collections during each phase of the experiment. Plasma load indicates stable collection periods after completing the infusion of albumin in isotonic Ringer's solution, 5 g/100 ml (see Methods). Transition periods between phases of the experiments are omitted. L = left kidney; R = right kidney. Other abbreviations as in Table 1 .
*No measurements made in these kidneys.
slowed to 8 to 10 ml/min. This infusion resulted in increases in sodium excretion averaging 192 ju.Eq/min. Glomerular filtration increased an average of 2 ml/min, renal blood flow increased an average of 234 ml/min, and renal vascular reistance decreased an average of 0.34 mm Hg/ml/min. Intrarenal venous pressure increased in each of these experiments (average change, + 9 ± 5 SD mm Hg; range, +3 to +20). The results of these experiments are summarized in Table 2 . In 4 of these experiments the aorta was constricted to reduce perfusion pressure to both kidneys (expts. [13] [14] [15] , or to the left kidney (expt. 17), during the infusion of plasma. Despite reductions of arterial pressure to levels below control, intrarenal venous pressure was increased above preloading values in association with increased excretion of sodium. Infusion of Saline.-After control collections, in nine experiments 600 ml of isotonic Ringer's solution was infused at 30 ml/min and then slowed to 8 or 10 ml/min. When urine flow had stabilized, clearance collections were taken. This infusion resulted in increased excretion of sodium that averaged 529 /uEq/ min, and glomerular filtration increased an average of 5 ml/min. Arterial pressure increased an average of 17 mm Hg. In 10 of the 14 kidneys studied, intrarenal venous pressure increased an average of 10 mm Hg (range, 2 to 34). In 8 of these 10 kidneys renal vascular resistance fell and blood flow increased. In the remaining 4 kidneys studied, intrarenal venous pressure was unchanged after the infusion of saline in association with variable changes in renal vascular resistance and virtually no increase in renal blood flow. The excretion of sodium in these 4 kidneys averaged 425 /xEq/min in association with an average increase in glomerular filtration of 3 ml/min. In two experiments the aorta was constricted to decrease renal perfusion pressure, and intrarenal venous pressure remained elevated. These results are summarized in Table 3 .
In three of the above experiments, bovine albumin, 30 g/100 ml, was infused at 5 ml/min during the saline diuresis to restore plasma protein to or above the levels before saline Circulation Research, Vol. XXIII, September 1968 infusion. After 50 to 75 g of albumin were infused, sodium excretion decreased an average of 48%. This effect of concentrated albumin in decreasing natriuresis during saline infusion is similar to that observed previously (4). However, despite the continued infusion of concentrated albumin, sodium excretion failed to decrease to the rates before loading, even though plasma protein levels were increased above the values before saline infusion. This sustained increase in sodium excretion (above rates before saline infusion) was associated with a fall in renal vascular resistance and a rise in intrarenal pressure. Details of one of these experiments are shown in Figure 5 .
Primary Blockade of Sodium Reabsorption. -Chlorothiazide or ethacrynic acid, or both, were given intravenously in four experiments in order to determine the effects of a primary Values are the means of multiple consecutive collections during each phase of the experiment. Transition periods between phases of the experiments are omitted. Saline load indicates stable collection periods after completing the infusion of isotonic saline (see Methods). Abbreviations are the same as in Tables 1 and 2. *No measurement made in these kidneys.
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Effects of Saline Infusion on Renal Hemodynamics,
decrease in sodium reabsorption and increase in urine volume on intrarenal venous pressure.
In these experiments, sodium excretion increased an average of 433 /xEq/min, and urine flow increased 1 to 7 ml/min, changes entirely comparable to these observed during vasodilatation or plasma infusion. During the diuretic-induced natriuresis, intrarenal venous pressure increased significantly in only one of the eight kidneys studied. These results are summarized in Figure 6 .
Discussion
Studies by others have demonstrated that deep (wedged) intrarenal venous pressure may closely approximate peritubular capillary pressure in the rat (6) and that this pressure is increased during such procedures as osmotic diuresis (6) (7) (8) . Although the deep renal venous pressure must be less than true capillary pressure, it appears that changes in intrarenal venous pressure parallel changes in capillary pressure and are at least equal to the surrounding tissue pressure (6) (7) (8) (9) (10) . It is therefore reasonable to conclude that changes in deep intrarenal pressure qualitatively reflect changes in capillary hydrostatic pressure. During any steady state it may be unlikely that easily measurable hydrostatic pressure gradients exist between the proximal tubule, the peritubular interstitium, and the capillary, and such similarity of proximal tubular, capillary, and wedged venous pressures has been reported in other studies (6) . The purpose of the present studies was to determine if maneuvers known to affect vasomotor tone, and also sodium reabsorption and excretion, also result in changes in intrarenal hydrostatic pressure and thereby reflect changes in capillary hydrostatic pressure which could be causally related to changes in sodium reabsorption and excretion. We have proposed that the natriuretic effects of vasodilatation, transmitted increments in arterial pressure, and infusions of plasma may be partly the result of increases in capillary hydrostatic pressure, and that such increases in capillary hydrostatic pressure depress tubular reabsorption of sodium as a consequence of decreased capillary uptake of reabsorbate (3, 4) . Essential to this proposal is the demonstration that these maneuvers increase capillary hydrostatic pressure, and in the present study the deep intrarenal venous pressure has been regarded as a qualitative index of changes in renal capillary pressure. Changes in the intrarenal venous pressure could result from an initial pressure change in either of the intrarenal compartments. A primary decrease in tubular reabsorption would result in increased flow, through distal portions of the nephron, tubular distention, Gradation Research, Vol. XXI11, September 1968 and possibly increased intratubular pressure. Extratubular pressure might then rise as a consequence of the increased tubular volume and limited distensibility of the kidney. In the present studies, primary increases in urine flow and decreases in sodium reabsorption during infusion of diuretics usually failed to increase intrarenal venous pressure. Also, in 4 of 14 observations saline loading was not accompanied by increased intrarenal venous pressure. Therefore, depressed tubular reabsorption or increased urine flow per se did not necessarily increase intrarenal hydrostatic pressure. Intrarenal pressure could increase also as a result of primary increases in glomerular filtration and increased volume reabsorption by the tubule, so as to increase both tubular volume and the volume of reabsorbate. However, in the present study, intrarenal venous pressure increased during vasodilatation (or during vasodilatation and angiotensin infusion) in the presence of minimally increased glomerular filtration and as neys related to increments in arterial pressure during infusion or angiotensin, whereas angiotensin produced increased vascular resistance in all control kidneys and prevented a rise in intrarenal pressure despite the associated increased arterial pressure. Also, increased renal vascular resistance was associated with failure of intrarenal venous pressure to rise in the presence of increased arterial pressure in some experiments during saline infusion. Therefore, the observed increases in intrarenal venous pressure are explained best as the effect of reduced renal vascular resistance in permitting transmission of perfusion pressure to and beyond the capillary circulation, rather than the result of primary changes in glomerular filtration, tubular reabsorption, or urine flow.
MART I NO, EARLEY
In the present studies rates of sodium excretion during control observations and during experimental maneuvers do not correlate with the absolute deep intrarenal venous pressure when comparisons among the group of animals are made. Since the catheters were intentionally not wedged into position, it is likely that pressure measurements were made at varying depths along the intrarenal venous drainage. Therefore, no attempt has been made to correlate any function with absolute pressure measurements. However, regardless of the actual position of the catheter within the renal venous drainage, the observed pressure changes should relate qualitatively to pressure changes occurring in more proximal portions of the circulation.
In every instance, induced renal vasodilatation produced natriuresis accompanied by a rapid and sustained increase in intrarenal venous pressure. This observation is consistent with the earlier suggestion that depression of sodium reabsorption, the effect of vasodilatation, is related to a transmission of existing arterial pressure to the renal capillary circulation (2) . Increases in intrarenal venous pressure occurred within 10 seconds after beginning the infusion of acetylcholine and were associated with an immediate increase in urine flow. During vasodilatation, no instance of increased urine flow and sodium excretion without an initial increase in intrarenal venous pressure was observed.
The infusion of pressor amounts of angiotensin in the presence of unilateral renal vasodilatation resulted in an initial small decrease in intrarenal venous pressure in both the vasodilated and the control kidney as arterial pressure increased. However, within 5 minutes intrarenal venous pressure in the vasodilated kidney increased to values greater than those during vasodilatation alone, and there was an associated increase in urine flow. In control kidneys the infusion of angiotensin resulted in a fall in intrarenal venous pressure which was usually sustained Circtdntion Research, Vol. XXIII, September 1968 throughout the experiment, and in none did the pressure exceed control values. These observations support the concept that natriuresis by vasodilated kidneys during pressor infusions of angiotensin could relate to transmission of the increment in arterial pressure along the intrarenal circulation. In two of six experiments, during angiotensin infusion intrarenal venous pressure was not sustained at a level above vasodilatation alone, despite a continued increase in sodium excretion. In one of these experiments glomerular filtration rate was reduced, and therefore the ratio of intrarenal pressure to glomerular filtration rate was increased. If intratubular hydrostatic pressure is determined primarily by filtration rate and tubular reabsorption, then a gradient of pressure between capillary and tubule could be maintained when filtration rate is reduced, despite the absence of an absolute increase in extratubular pressure. Also, if the consistently observed initial pressure increase in vasodilated kidneys produced by angiotensin infusion resulted in relative volume shifts between the tubule and extratubular spaces, such altered volume relationships could persist without a maintained absolute increase in pressure, if subsequent drops in pressure occurred simultaneously and uniformly in each compartment. Therefore, failure to observe a sustained increase in intrarenal hydrostatic pressure in some kidneys during angiotensin-induced natriuresis does not rule out the possibility that the initial pressure increase is causally related to the change in sodium excretion.
On the basis of other observations we suggested that the natriuretic effect of plasma infusion may be due largely to renal vasodilatation and transmission of arterial pressure along the renal circulation (3, 4) , and the present study supports this suggestion. In every experiment employing infusion of plasma, intrarenal venous pressure increased in association with decreased renal vascular resistance, whether or not arterial pressure increased. Intrarenal pressure also increased during plasma infusion in the presence of aortic constriction sufficient to maintain renal perfusion pressure at levels distinctly below the control values. This observation demonstrates that reduced perfusion pressure does not preclude an increase in intrarenal hydrostatic pressure as renal vascular resistance decreases during volume expansion.
During infusion of isotonic saline, intrarenal venous pressure increased in 10 kidneys and was essentially unchanged in 4. If, as suggested (3, 4) , sodium reabsorption relates directly to the uptake of reabsorbate by the capillary circulation, then saline infusion, by depressing plasma oncotic pressure, could decrease capillary uptake and tubular reabsorption without increases in renal capillary and intrarenal venous hydrostatic pressure. However, when plasma oncotic pressure was restored during saline infusion (by the infusion of concentrated albumin) sodium excretion decreased no more than 75%. This continued small increase in sodium excretion (above hydropenic rates), despite increased plasma protein, was associated with a fall in renal vascular resistance and a rise in intrarenal hydrostatic pressure. This observation is consistent with the view that continued natriuresis when plasma protein is elevated in the presence of saline loading could relate to vasodilatation and increased renal capillary pressure (4). Thus, failure to progressively decrease sodium excretion as hyperoncotic albumin is infused during saline loading could be due to the effects of increasing capillary hydrostatic pressure to oppose the effect of increasing oncotic pressure.
Since diuretic-induced increases in urine flow and sodium excretion were not accompanied by increased intrarenal venous pressure, increases in pressure observed during the other maneuvers need not be attributed to primary increases in urine flow and sodium excretion. These observations appear to be in contrast to previous studies that have demonstrated increases in intrarenal venous pressure during solute diuresis (6) (7) (8) . However, osmotic diuresis results in increased renal blood flow (11) and reduced renal vascular resistance, and this may account in part for increased intrarenal pressure during mannitol, glucose or urea diuresis (6) (7) (8) .
These studies also confirm previous observations that intrarenal pressure is autoregulated (12, 13) , as has been shown for the peritubular capillary pressure (9) . To the extent that capillary hydrostatic pressure determines capillary uptake, and in turn tubular reabsorption, autoregulation of this hydrostatic pressure should parallel autoregulation of glomerular filtration in order to assure constancy of sodium reabsorption and excretion. Therefore capillary (and intrarenal) hydrostatic pressure may be involved in the balance between glomerular filtration and tubular reabsorption. In support of this view are the recent studies of Lewy and Windhager (14) and Koch and associates (15) , which suggest that primary increases in capillary hydrostatic pressure depress proximal tubular reabsorption, presumably as a result of decreased capillary uptake.
It was not the purpose of the present investigation to demonstrate that natriuresis resulting from vasodilatation, angiotensin infusion, or loading with saline or "plasma" is due to depressed reabsorption rather than to increased filtered sodium. The probable effects of these hernodynamic maneuvers on tubular reabsorption has been reported in detail in previous publications (1) (2) (3) (4) , and even though changes in sodium excretion paralleled changes in glomerular filtration in some of the present experiments, changes in tubular reabsorption probably play a major role in determining the observed changes in sodium excretion (1) (2) (3) (4) .
We conclude that the present studies support earlier suggestions that (a) depressed sodium reabsorption produced by renal vasodilatation and infusion of pressors during renal vasodilatation could be the result of primary increases in renal capillary hydrostatic pressure (2); (b) natriuresis during infusion of plasma is due partly to renal vasodilatation which permits increased transmission of arterial pressure to the renal capillary circulation (3, 4) ; and (c) saline infusion, by depressing plasma oncotic pressure, may decrease sodium reabsorption without increase in capillary hydrostatic pressure (3, 4) . These conclusions are consonant with the hypothesis that tubular sodium reabsorption relates directly to uptake of reabsorbate by the capillary circulation, since capillary uptake is related directly to plasma oncotic pressure and inversely to capillary hydrostatic pressure (Starling forces). The pathway through which capillary uptake could determine tubular reabsorption is unknown. Since tubular reabsorption of sodium appears to be predominantly an active process, it would not be expected that simple changes in peritubular capillary uptake would necessarily result in equivalent changes in tubular reabsorption. Therefore, any effect that Starling forces may have on net tubular reabsorption must be mediated through intermediate pathways linking tubular reabsorption to capillary uptake. We suggested previously that changes in the renal interstitial volume (related inversely to changes in capillary uptake) could alter tubular reabsorption as a result of changes in tubular volume (3). However, certain recent evidence has failed to support a cause-and-effect relationship between tubular volume and sodium reabsorption (14-16).
Diamond (17) and Curran (18) have suggested that reabsorption by a variety of epithelial membranes may be by way of hydraulic flow through intercellular channels. In this model, the transport of sodium into such channels results in the inward movement of water, which creates a hydrostatic pressure and drives the column of reabsorbate toward the interstitial surface of the cells. The hydrodynamic forces moving the column of reabsorbate into the circulation would be the positive pressure generated within the intercellular channel and the net negative capillary pressure resulting from Starling forces across the capillary wall. Therefore, whether or not an interstitial space is interposed, decreased capillary uptake could retard the movement of reabsorbate along such intercellular channels. How such slowing of movement along intercellular chanCirculation Research, Vol. XXI11, September 1968 nels could ultimately decrease net sodium reabsorption is unknown, and whether or not such a mechanism is operative in the renal tubule awaits experimental demonstration. However, extracellular channels do exist along the basilar surface of proximal tubular cells, and these spaces have been shown to enlarge during saline infusion (19) ; this is consistent with the view that removal of reabsorbate from the channels may be a limiting step during saline diuresis.
